Introduction
Bacteria can secrete intact macromolecules into the surrounding medium or into nearby cells through broadly-conserved large biomolecular assemblies, called secretion systems (1). Type 10 specific dielectric phase mask (Double Helix, LLC, Boulder, Colorado) that is placed in the Fourier 207 plane of the microscope to generate a double-helix point-spread-function (DHPSF) (33, 34) . The 208 fluorescence signals in both channels are detected on two separate sCMOS cameras (Hamamatsu, 209 Bridgewater, New Jersey, ORCA-Flash 4.0 V2). Up to 20,000 frames are collected per field-of- 
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To determine the apparent diffusion coefficients of single molecules, 3D single-molecule 238 localizations in subsequent frames were linked into trajectories using a distance threshold of 2.5 239 µm. Only trajectories with at least 4 localizations were considered for further analysis. In addition, 240 if two or more localizations were present in the cell at the same time during the length of the 241 trajectory, the trajectory was not considered for further analysis. These steps minimized the linking 242 problem, in which, due to misassignment, two or more molecules could contribute to the same 243 trajectory (40).
244
The Mean Squared Displacement (MSD) was calculated according to
where N is the total number of time points and xn is the position of the molecule at time point n.
247
The apparent diffusion coefficient, D*, of a given single-molecule was then computed as
where m is the dimensionality of the problem and Δt is the camera exposure time. In our 250 experiments m=3 and Δt =25 ms. It is important to note that the so-estimated single-step apparent diffusion coefficients do not take into account the static and dynamic localization errors (41), or 252 the effect of confinement within the bacterial cells. Instead of accounting for these effects using 253 analytical models (42, 43), we generated simulated noise and motion-blurred images of diffusing 254 molecules in rod-shaped cell volumes, as described in the following section. The resulting images 255 were then analyzed in the same manner as experimental data. These steps ensured that static and To simulate raw experimental data, we generated noisy, motion-blurred single-molecule 272 images. Specifically, we generated DHPSF images corresponding to 50 periodically sampled 273 positions of a molecule during the camera exposure time (25ms) and then summed these 50 sub- were then linked into trajectories. Simulated trajectories were limited to six displacement steps to 284 match the average length of our experimentally measure trajectories. 285 We simulated N = 5000 trajectories for each of the 64 input diffusion coefficients to obtain 286 an array of N apparent diffusion coefficients ( Fig. S2 C and D) . The empirical cumulative 287 distribution functions (eCDFs) corresponding to the 64 diffusion coefficients were then 288 interpolated using a B-spline (order 25) and normalized individually. The interpolated array of 64 289 CDFs was then interpolated again along the D dimension using the 'scatteredInterpolant' function 290 in MATLAB. This two-step interpolation provides a continuous 2-dimensional function that can 291 then be used to compute the apparent diffusion coefficient distribution that we would observe in 292 our chosen confinement geometry for any true diffusion coefficient value in the range of 0.05 and 293 20 µm 2 /s. This approach revealed that the experimentally measured apparent diffusion coefficients Experimental distributions of apparent diffusion coefficients were fit using a linear 301 combination of simulated CDFs, where each CDF corresponds to a single diffusive state that is 302 described by a single diffusion coefficient (Fig. S3) . Using the CDF for fitting instead of a 303 histogram that represent the probability density function (PDF) eliminates bin-size ambiguities 304 that can bias the fitting results. This approach allowed us to estimate the population fraction and 
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The distribution of estimated population fractions obtained from linear least squares fitting 313 was assessed by bootstrapping (N = 100 samples) and any diffusive states that were not clearly 314 resolved were combined into a single diffusive state. This approach resulted in initial values of 315 diffusion coefficients of prevalent diffusive states and their respective population fraction) that 316 were then refined further through non-linear least-squares fitting using the 'fmincon' function in 317 MATLAB to obtain the optimal fitting parameter values reported in the main text. Confidence 318 intervals for all fitting parameters were obtained by bootstrapping and are reported in Table S2 . 319 To limit model complexity, the population fractions of diffusive states below 0.5 µm 2 /s replacement techniques (20, 28) . In this way, the eYFP-SctQ fusion protein is expressed under the 343 control of its native promoter. The cellular levels of eYFP-SctQ were increased compared to the 344 native, unlabeled protein; we confirmed that the resulting fusion proteins did not result in 345 detectable degradation products and were fully functional in an effector protein secretion assay 346 (Fig. S1) . We then used 3D-single molecule localization microscopy (3D-SMLM) to determine Fig. 2 A and B) , which are similar to those observed by diffraction-limited and super-resolution 351 microscopy (18, 20, 45) . We used DBSCAN (39), a density-based clustering algorithm, to 352 determine the positions and sizes of each cluster and found that clusters are preferentially localized 353 within a 400-450 nm radius from the central cell axis (Fig. 2 C and D) . This subcellular preference imaging experiments (18, 20, 45) . In contrast, cluster formation was not observed when we 358 exogenously expressed eYFP-SctQ in a Y. enterocolitica strain lacking the pYV plasmid (pYV -) 359 ( Fig. 2E) . Instead, eYFP-SctQ was uniformly distributed throughout the bacterial cytosol. Single-molecule tracking measurements in wild-type cells showed that the eYFP-SctQ population 363 partitioned into a stationary and a mobile fraction (Fig. 2F) . As expected, trajectories with slow 364 apparent diffusion coefficients (D* < 0.15 µm 2 /s) spatially co-localize with clusters ( Fig. 2G and   365  Fig. S7A) , while the faster diffusing molecules (D* > 0.15 µm 2 /s) localize randomly throughout 366 the cell volume ( Fig. 2F inset, Fig. S7A ). The D* = 0.15 µm 2 /s threshold was chosen based on the 367 non-zero diffusion coefficients obtained for stationary emitters that are repeatedly localized with 368 limited spatial localization precision (Fig. S5) . We conclude that stationary membrane-embedded 369 injectisomes serve as binding sites for SctQ molecules, and we assign the observed clusters or foci 370 to injectisome-bound eYFP-SctQ molecules.
372
SctQ exists in at least 3 diffusive states in the bacterial cytosol. The majority (~86%) of 373 eYFP-SctQ localizations are not cluster-associated, but instead diffuse randomly throughout the 374 cytoplasm ( Fig. 2 A, B, and D) . To examine the diffusive behaviors of unbound eYFP-SctQ, we 375 determined the 3D trajectories of ~100,000 individual eYFP-SctQ molecules in hundreds of cells 376 and computed the apparent diffusion coefficients for each trajectory (Experimental Procedures). 377 As mentioned in the previous section, the resulting distribution of apparent diffusion coefficients 378 shows two prominent peaks: one near ~0 µm 2 /s and the other at ~0.5 µm 2 /s (Fig. 2F) . In addition 379 to the peak at ~0.5 µm 2 /s, the distribution also shows a slow decay towards higher apparent 380 diffusion coefficients. Using Monte Carlo simulations of anisotropically confined Brownian 381 diffusion within rod-shaped bacterial cell volumes, we determined that such a distribution shape 382 is only possible when multiple diffusive states manifest in the cell (Experimental Procedures, 383 Fig. S2) . 384 To estimate the unconfined diffusion coefficients (D) and population fractions of the 385 diffusive states that are present in the cell, we used linear combinations of the Monte Carlo 386 simulated apparent diffusion coefficient distributions to fit the experimentally measured three cytosolic diffusive states corresponding to unconfined diffusion coefficients D = 1.1, 4.0, 389 and 13.9 µm 2 /s with population fractions of 17%, 36%, and 22%, respectively ( Fig. 3 A and B, 390 Table 1 ). These components are in addition to a stationary component (D < 0.5 µm 2 /s) with 391 population fraction of 24%. Confidence intervals for the optimized fitting parameters were 392 obtained by bootstrapping and are reported in Table S2 . 393 As we did not detect any eYFP cleavage products (Fig. S1) , the eYFP-SctQ monomer is 394 the smallest and likely the fastest diffusing molecular species in our cells. Control experiments to 395 measure the unconfined diffusion coefficients of eYFP confirmed that, when expressed in wild-396 type Y. enterocolitica, eYFP diffused at a similarly fast rate of D = 11.3 µm 2 /s (Fig. S4I, Table 1 ). 397 We also observe a small stationary component for this protein suggesting that, even in the absence 398 of known binding partners, the presence of immobile proteins cannot be ruled out in living cells.
399
Assigning the fastest diffusive eYFP-SctQ state (D = 13.9 µm 2 /s) to the monomeric eYFP-SctQ 400 fusion protein implies that the slower diffusive states at D ~ 1 and 4 µm 2 /s correspond to two 401 distinct high molecular weight complexes, which could be eYFP-SctQ homo-or hetero-oligomers 402 that involve additional T3SS proteins. To determine the molecular composition of these high 403 molecular weight complexes, we performed further single-molecule tracking measurements in 404 different genetic backgrounds.
406
SctQ is capable of forming higher-order oligomers in the absence of other T3SS proteins.
407
To test whether SctQ can form high molecular weight complexes in living cells independent of 408 other T3SS proteins, we tracked single eYFP-SctQ molecules in a strain lacking all T3SS 409 components (the pYVstrain), for which membrane association was not observed (Fig. 2E) . Fitting 410 the distribution of apparent diffusion coefficients of eYFP-SctQ in the pYVstrain required four 411 regulated from within the cytosol. We therefore asked whether the diffusion rates or population 526 fractions of SctQ and SctL diffusive states correlate with the secretion state of the cells.
527
To compare the diffusion behaviors of eYFP-SctQ and PAmCherry1-SctL in secretion ON 528 vs. OFF states we used the fact that the Y. enterocolitica T3SS can be switched between secretion 529 ON and OFF states by the addition of EDTA or CaCl2, respectively (9). We observed that 530 stimulation of secretion increased the mean apparent diffusion coefficient for mobile molecules 531 (D* > 0.15 µm 2 /s) from 1.43 µm 2 /s to 1.69 µm 2 /s for eYFP-SctQ and from 0.86 µm 2 /s to 532 1.10 µm 2 /s for PAmCherry1-SctL, which is consistent with recent FCS and earlier 2D-PALM 533 measurements (18, 19) . (Table S3 ).
534
The apparent diffusion coefficient distribution of eYFP-SctQ in secretion OFF conditions 535 was fit with three diffusive states (Fig. 6A, Table 1) , while that of PAmCherry1-SctL was fit with 536 four diffusive states (Fig. 6B, Table 1 ). The diffusion coefficients obtained for eYFP-SctQ are 537 similar between secretion ON and OFF conditions, suggesting that the oligomerization states of fitting of eYFP-SctL in a ΔSctL background. Note that the peak near D*=0 is not fit well in this 817 case due to large bin-sizes used in the histogram. We therefore assess the quality of fit using the PAmCherry1-SctL. As is the case for eYFP-SctQ, there is a shift towards slower diffusing states 826 for secretion OFF conditions. 
